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KiloPower prototype tested at the National
Criticality Experiments Research Center (NCERC)
in collaboration with NASA [1]

HE_SHOCK WIAVE 1S MOVING
FROM THE FLAME FRONT.
\ 1

n invitation
o genetics in the

2” St Century

Successful Tests — validated predictive
computational models & simulations,
served as a proof-of-concept
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Heritage Space Reactors

* 1965 USA
- SNAP 10A
» High-enriched uranium (HEU) moderated system
= 1 flown — first nuclear reactor in orbit
» Suffered moderator hydrogen loss

1967 — late 1980s Soviet Union

- BUK
» HEU fast system
= 31 flown
= 1 crashed over Canada
- TOPAZ
= HEU moderated system
= 2 flown

= Design addressed hydrogen loss
= USA purchased and tested 6 units without fuel

Systems for Nuclear Auxiliary Power
(SNAP 10A) [2]
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Science-based Design & Testing

« National Nuclear Security Administration
(NNSA) resources [3]
— Nuclear experiment testing at NCERC
— Collaboration with multidisciplinary experts
- High-Performance Computing
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High-fidelity methods Reduced-order methods
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Microreactors

» Advanced reactor concept,
compact, less than 20 MW,

« Smaller size means easier to
ship to remote regions

— Arctic environments, military
operations, oil exploration,
disaster relief

* Reactor core and heat transfer
mechanisms fully contained

— Does not require environment to . . ,
aid in cooling fuel, such as large Microreactor shipping options [4]
bodies of water
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Conceptual Microreactor Design, Snowflake

« Solid graphite block with holes for fuel, heat pipes, and moderator [5]
« Can be built to specific size depending on power needs

v Monolith

v Heat pipe

Ly Fuel

Reflector

Shutdown rod

Control drum
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Heat Pipes — LANL technology

Heat source

leat sink

t1111411

» Primary heat transfer WAL 5 e
mechamsm | . | T — = — :/f/'/
« Capillary design utilizes wick to e —> — —
separ.ate tw.o-phase fluids 1,1.?’5,1,’5,; ‘ 2 ‘ , _\j:\\§4\
« Working fluid dependent on == s * - <
reactor temperature ITIT Wick structure L LTLTTL]
— Sodium is chosen for Snowflake I‘ Evaporator + Adiabatic section + Condenser 'I
— Fully-contained in rod Heat Pipe Schematic [6]
— No pumps, works in any
orientation

« Hundreds of heat pipes in a
microreactor
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KRUSTY Design

Titanium/Water Heat Pipe Radiato

7 COMPONENTS
- Core

Neutron reflector

Heat pipes
Stirling Power Conversion - i
Radiation shielding
System
- Start-stop rod
Sodium Heat Pipes

= Stirling engine convertors

Lithium Hydride/Tungsten Shielding Radiator to remove excess

heat

Beryllium Oxide Neutron Reflector ———®
Uranium Moly Cast Metal Fuel

R

QUAKER
OATS
S

S

B,C Neutron Absorber Rod
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Kilopower Reactor Using Stirling Technology (KRUSTY)

Vacuum chamber
Stirling engines

Heat pipes
a——Shield (Top)
U(7.65%Mo)

SS shield (radial)

BeO
Shield (bottom)

B,C
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Artemis Program
Fission Surface Power on the Moon 2027

« Collaboration with NASA

» Nuclear fission reactor, will provide
40 kWe for a base [7]

» LANL assisting with reactor design
development and materials
technology maturation ’
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Terrestrial Microreactors

« Commercial partner: Westinghouse Electric Company [8]

« LANL assisting with overall reactor and component design, as well as nuclear
experiment design, planning, and execution

®
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Why conduct a nuclear experiment?

» Nuclear experiments are necessary for validating predictive physics codes
and data

« Serve as a precursor to a full-scale prototype

« Limitations:
o Small volume to work with — need sufficient reactivity in small space

o The size, configuration, and materials of the experiment will affect the similarity
between the two systems

o Facility limitations on excess reactivity, activation, safety, etc.
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Hypatia — Metal Hydride Moderator Advancement

* Hypatia is a critical experiment
conducted at NCERC in Jan 2021 [9]

* A measurement campaign for Yttrium
Hydride (YH) — a high-temperature
moderator material for advanced
systems [9]

» Purpose: Validate temperature
dependent reactivity feedback for YH

« Planning additional material
maturation nuclear experiments to
support small reactor designs
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Multiphysics Modeling & Simulation

« Small nuclear systems are particularly
tightly-coupled systems — each physics of
the system talks to each other

» This requires multiphysics M&S

High-fidelity methods
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Reduced-order methods
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M&S Capabilities

®

Novel reactor concept development

High fidelity modeling of full and
partial 3-D reactor cores

Heat pipe modeling
(characterization and failure modes)

Modification to MCNP for
unstructured mesh geometry

Reactor behavior
Comparison of different code suites
Validation (nuclear experiments)
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Summary

« History and overview of LANL capabilities
» Overview of microreactor program

« Space reactors

 Terrestrial reactors

 Critical experiments

« Computational modeling
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High temperature 28 hour run, with transients

KRUSTY Full-Run Fuel Temperatures and Fission Power
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